Animal behaviors are subjected to innate preferences, which are usually encoded by dedicated sensory neurons. In this issue of Neuron, Tsunozaki and colleagues show that one olfactory neuron in Caenorhabditis elegans produces two opposing preferences to an odor by regulating cGMP and PKC signaling.
Animal behaviors are subjected to innate preferences, which are usually encoded by dedicated sensory neurons. In this issue of Neuron, Tsunozaki and colleagues show that one olfactory neuron in Caenorhabditis elegans produces two opposing preferences to an odor by regulating cGMP and PKC signaling.
Animals can recognize and respond appropriately to their surrounding environment by the relay of the neural processing. A particular stimulus is sensed by sensory neurons of the peripheral nervous system, the neural signal is integrated by interneurons of the central nervous system, and the result of neural computation is executed as a behavioral output. It has been a general understanding that innate preferences to major environmental cues such as smell and taste are encoded in respective sensory neurons. Given a complete anatomical connectivity map between the identifiable 302 neurons in the nervous system along with powerful genetics tools, C. elegans is an ideal animal model system to address at the molecular, cellular, and neural circuit levels the issue of how sensory neurons perceive environmental stimuli. Olfactory neurons are among the most characterized sensory neurons in C. elegans (Bargmann, 2006, for review) . Wild-type animals show attractive behavioral responses to odorants sensed by two pairs of AWC and AWA sensory neurons, whereas they show repulsive responses to odorants sensed by three pairs of AWB, ASH, and ADL sensory neurons. These observations provide a good example for innate olfactory preferences that are encoded by dedicated sensory neurons.
In this issue of Neuron, Tsunozaki et al. (2008) (Okochi et al., 2005) . PKC-1 is also reported to regulate synaptic neuropeptide secretion at the neuromuscular junction (Sieburth et al., 2007) . The localization of GCY-28 to AWC axons is consistent with the possibility that like PKC-1, GCY-28 would function at AWC synaptic release or secretion to direct chemotaxis to AWC ON -sensed odors. This possibility is further supported by the following results (Tsunozaki et al., 2008) : pkc-1 single mutants and gcy-28; pkc-1 double mutants showed similar repulsive butanone chemotaxis to that of gcy-28 single mutants, suggesting that the two genes have a similar or related function. Calcium imaging revealed normal butanone-evoked calcium transient in AWC ON neurons of pkc-1 mutants, suggesting that like GCY-28, PKC-1 is not involved in primary sensory transduction. Further, activation of PKC-1 by expressing constitutively active PKC-1 in AWC fully rescued repulsive butanone chemotaxis of gcy-28 mutants. A diacylglycerol kinase (DGK-1) that hydrolyzes DAG to phosphatidic acid (PA) is known to affect DAG signaling and cholinergic neurotransmission at the neuromuscular junction (Lackner et al., 1999; Nurrish et al., 1999) . In contrast to PKC-1, the lack of DGK-1 by dgk-1 mutation almost completely suppressed repulsive butanone chemotaxis of gcy-28 mutants: gcy-28; dgk-1 double mutants showed attractive butanone chemotaxis. Likewise, treatment of gcy-28 mutants with PMA, a pharmacological agonist of DAG signaling, suppressed gcy-28 chemotaxis defect. Altogether, these results suggest that increased DAG signaling suppresses the chemotaxis deficit of gcy-28 mutants, possibly through synaptic releases.
C. elegans is capable of modifying its behavior after conditioning. For example, odor conditioning in the absence of food causes adaptation, or reduced chemotaxis to odor (Colbert and Bargmann, 1995) , and odor conditioning in the presence of food causes sensitization, or enhanced chemotaxis to odor (Torayama et al., 2007) . Based on the hypothesis that these context-dependent behaviors affect competition between attractive and repulsive activities of AWC, Tsunozaki et al. (2008) In sum, the main contribution of Tsunozaki et al. (2008) is to show that a single sensory neuron can possess the capacity to rapidly reverse behavioral preference to an environmental stimulus. This neuron property is unprecedented, as other sensory neurons analyzed in C. elegans have been shown to direct attraction or repulsion, but not both. A gustatory neuron pair driving attraction, ASER and ASEL, may be functionally similar to the olfactory neuron pair, AWC ON and AWC OFF , since both systems show between-cell behavioral asymmetries (Hobert et al., 2002; Suzuki et al., 2008) . However, Tsunozaki et al. (2008) now show that within-cell behavioral asymmetry can also occur, thus increasing the complexity and hence the adaptability of this sensory circuit in response to environmental cues. Future work may address the molecular mechanism by which the cGMP and PKC pathways in AWC ON produces the switch in behavioral preference, define how developmental and environmental factors guide the role of AWC ON in the C. elegans behavioral repertoire, and perhaps reveal further examples of single cell control modules in other sensory circuits.
